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into sets of adjacent cells where each cell corresponds to a halftone dot of an image. The algorithm operates in conjunction with a 
^ gray scale printhead (22). In sending data to the printhead, the controller (16) parses a scanned image and set the exposure for each 
pixel in accordance with a growth and density program. The algorithm selectively grows halftone dots from zero size to a desired 
^ size equal to or less than a maximum size. It repeats this step for the rest of the pixels until the cell is at its desired size and at an 
J> initial density. If a higher density is desired, the algorithm selectively adjusts the fully grown cells by sequentially increasing the 
^ level of exposure of each pixel in the cell. The image is developed with developer including a hard magnetic carrier and toner. 
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text symbols are much smaller than the symbols and the symbols are best seen with high 
contrast edges. Thus, the human eye sees the text as a continuous image even though it 
is a collection of closely spaced dots. 

However, binary electrographic print engines do not provide acceptable levels of 
5 gray for other images, such as photographs. Those skilled in the art have used halftone 
dots to emulate gray scale for reproducing images with continuous tones. Newspapers 
and magazines are common examples of halftone printing. The reader does not see the 
halftone dots because they may be as small as 1/2,500* to 175,000 th of an inch. Such 
small sizes are possible with ink and with newsprint and magazine media. However, 
10 such small sizes are virtually impossible with electrographic toner. Indeed, the toner 
particles themselves are larger than the size of halftone dots used by newspapers and 
magazines. 

Conventional binary electrographic halftone print engines try to make the dots as 
small as possible. Conventional toner stations provide binary dots that are too large for 

15 acceptable halftone imaging. Hard dots, ideally having sharp edges, are also deficient 
when made with conventional binary arrays or rendering techniques using developer 
comprised of a toner and a hard magnetic carrier. The hard dots break up and do not 
provide the desired sharp edges. Accordingly, there is a need for a new electrographic 
print engine that provides better halftone imaging. Conventional binary electrographic 

20 print engines do not meet this need. 

In the area of digital printing, all colors including black or gray are represented 
on paper as one or more gray levels where gray refers to a color density between no color 
and saturation. There are a number of algorithms for rendering halftone images. Digital 
printers commonly make a mark, usually in the form of a dot pixel, of a given, uniform 

25 size and at a specified resolution in marks per unit length, typically dots per inch (dpi), 
on paper. A digital printer emulates color intensity by placing marks, or dots, on the 
paper in a geometrical pattern. The effect is such that a group of dots and dot-less blank 
spots, when seen by the eye, gives a rendition of an intermediate color tone or density 
between the color of the initial paper stock, usually white, and total ink coverage, or a 

30 solid density halftone dot. It is conventional to arrange the dots in rows, where the 

distance between rows is known as line spacing, and determines the number of lines per 
inch (Ipi). In the ensuing paragraphs, discussions will be made in terms of white paper 
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textural patterns for the next gray level. Commonly used processing algorithms include 
fixed level thresholding, adaptive thresholding, orthographic tone scale fonts, and 
electronic screening. 

In creating halftone images, two foctors are of prime consideration: the line 
5 screen frequency and the number of addressable picture elements, i.e., pixels. Once the 
line screen frequency is determined, the number of addressable pixels determines the 
number of definable, i.e., theoretical, gray levels. The definable gray levels for a binary 
system can be calculated by the following formula: 

10 Number of gray levels = (dpi / lpi) 2 + 1 



The screen frequency (lpi) tends to be set high so that the size of the dots are small and 
not visually detectable at normal viewing distances. An obvious problem arises when 
the resolution of the dot matrix on the paper is not very high, for example, 100 dpi or 

15 less. In such cases the geometrical patterns for the cell become visible to the eye. In that 
case the viewer is distracted from the image by artifacts of geometrical patterns 
themselves and perceives the impression of an image of poor quality. The obvious 
solution to this problem is to work at very high resolutions, for example, 300 dpi or 
greater, so that those artifacts are less perceived and their negative effects become less 

20 glaring. However, in view of the above formula, having a high screen frequency means 
there is a tradeoff with respect to the number of pixels available to create gray levels. 
Therefore, it would be desirable to maximize the number of defined gray levels while at 
the same time keeping the dots as small as possible. 

Although a given number of gray levels can be theoretically set by selection of 

25 the dpi and lpi parameters, the number of gray levels attained in actual practice is limited 
by the shortcomings of known electrographic methods. For example, the number of gray 
levels discernable to the human eye are limited by a lack of sharpness surrounding the 
edges of the electrographic image, the presence of small "satellite" particles around the 
edges of the image or in the general background areas, and also by the inability to 

30 properly tone small, individual dots. The sharpness of continuous tone images such as 
those that are produced by flash or scanning light exposure systems are compromised by 
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It is generally known to apply developer compositions of the above type to 
electrostatic images by means of a magnetic applicator that comprises a cylindrical 
sleeve of conductive, non-magnetic material having a magnetic core positioned within. 
The core usually comprises a plurality of parallel magnetic strips which are arranged 
5 around the core surface to present alternating north and south oriented magnetic fields. 
These fields project radially, through the sleeve, and serve to attract the developer 
composition to the sleeve outer surface to form what is commonly referred to in the art 
as a "brush" or "nap." Either or both the cylindrical sleeve and the magnetic core are 
rotated with respect to each other to cause the developer to advance from a supply sump 
10 to a position in which it contacts the electrostatic image to be developed. After 
development, the toner depleted carrier particles are returned to the sump for toner 
replenishment. 

Conventional carrier particles for use with fixed magnetic cores are made of soft 
magnetic materials. However, soft magnetic carriers do not deliver toner to the 

15 electrostatic image in a manner such that the benefits of the foregoing multi-bit 
printheads and gray scale rendering of halftoned images can be fully realized. The 
conventional developer system has a rigid nap which essentially sweeps across the 
electrostatic image during development. As a result, images toned on such conventional 
development systems have a "brushed" like surface, and as a result provide images with 

20 more defects, i.e., satellite particles, oversized dots, and so on. The result is an image 
with far less actual gray levels than can be theoretically realized. The resulting images in 
many instances have a "grainy," relatively high contrast appearance and therefore are not 
as pleasing to look at relative to the image being reproduced by such system. 

As can be seen, it would be desirable to develop methods and apparatus capable 
25 of providing halftoned images which provide an actual number of gray levels which 
approaches the theoretical number of gray levels that can be provided by a digital 
printhead and gray scale rendering system. Such methods and apparatus could provide 
higher quality reproduced images which are more visually pleasing to a viewer. 
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SUMMARY OF THE INVENTION 
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The sleeve picks up developer particles as it passes through a developer supply and 
gently applies the toner to the latent image on the image member. After development, 
the image is transferred to a copy sheet and fixed to the copy sheet at a fusing station. 

The method of the invention includes a number of steps. The image is captured 
5 in a raster format that includes a plurality of pixels. The pixels are grouped into sets that 
form cells where each cell includes multiple pixels. The rendering algorithm 
manipulates the digital data to generate halftone dots of variable sizes and variable 
densities. The rendered dots are used to expose a photoconductive surface of an image 
member and create a halftone electrostatic latent image of the original image. That latent 
10 image contacts a rotating magnetic brush at a development station where the developer 
includes a hard magnetic carrier and a toner. 

In another aspect, the invention concerns an apparatus for the electrographic 
generation of halftoned images. The apparatus comprises a multi-bit printhead, means 
for generating a halftone image of varying dot sizes and densities, and a rotating 
15 magnetic brush development system comprising a developer composition comprised of a 
hard magnetic carrier and a toner. 

DRAWINGS 

Fig. 1 is a diagram of an electrographic recording apparatus of the invention. 
Fig. 2(a) is a block diagram of an image data path in a portion of the apparatus of 

20 Fig. 1. 

Fig. 2(b) is a block diagram of a printhead 22. 
Fig. 2(c) is a block diagram of a driver chip 60. 

Figs. 3(a) - 30) show successive growth of a variable size cell and selectivity 
increased density of the cell. 

25 Fig. 4 compares a binary print of one gray level made with hard carrier particles 

and a binary print of the same gray level made with soft carrier particles. 

Fig. 5 compares a gray level printed with a multi-bit algorithm and a single bit 
(binary) algorithm. Both used hard magnetic carrier. 

Fig. 6 is a graphic comparing gray levels produced under different conditions. 

30 T7ig. 7 is a reference graph. 
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Fig. 8 shows the cell used to produce the graphs in Fig. 7. 
Fig. 9 is a graph comparing actual performance of aprinting apparatus of the 
invention with its predicted model performance. 

Fig. lOisagraphshowingperformanceofthe invention ina4-bit multi-bit 
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computer, a document scanner, a memory, a data network facsimile, word processor, 
data reader, etc. Signals from the data source and control signals from the LCU 16 are 
provided to a marking engine controller (MEC) 30. The marking engine controller 
responds to these signals to generate signals for output to the printhead for controlling 
5 selective enablement of the LEDs. Light from the LEDs may be focused by a suitable 
lens for imaging upon the electrostatically charged belt 12. The printhead, in addition to 
recording image information, is also adapted to record process control patches that are 
usually located in an interframe between recorded images. The test patches determine a 
need to adjust process control parameters. In order to form patches with density, the 

10 LCU 1 6 or MEC 30 may be provided with ROM or other memory representing data for 
creation of a patch. Travel of belt 12 brings the areas bearing the electrostatic latent 
images into a developer station 25. The developer station has a magnetic brush in 
juxtaposition to, but spaced from, the travel path of the belt. Magnetic brush 
development stations are well known. For example, see U.S. Pat. No. 4,473,029 to Fritz 

15 et al and U.S. Pat. No. 4,546,060 to Miskinis et al. 

LCU 16 selectively activates the developer station 25 in relation to the passage of 
the image areas containing latent images to selectively bring the magnetic brush into 
engagement with or to within a small spacing from the belt. The charged toner particles 
of the engaged magnetic brush are attracted imagewise to the latent image pattern to 

20 develop the pattern. 

As is well understood in the art, conductive portions of the development station, 
such as conductive applicator cylinders, act as electrodes. The electrodes are connected 
to a variable supply of electrical potential Vb regulated by a programmable controller 
(not shown). Details regarding the development station are provided as an example, but 

25 are not essential to the invention. 

A transfer station 42 as is also well known is provided for moving a copy sheet S 
into engagement with the photoconductor in register with the image for transferring the 
image to the copy sheet. Alternatively, an intermediate member may have the image 
transferred to it and the image may then be transferred to the copy sheet. A cleaning 

30 station 48 is also provided subsequent to the transfer station for removing toner from the 
belt 12 to allow reuse of the surface for forming additional images. In lieu of abelt, a 
drum photoconductor or other structure for supporting an image may be used. After 
transfer of the unfixed toner images to a copy sheet, such sheet is transported to a fuser 
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station 49 where the image is fixed. 

The LCU provides overall control of the apparatus and its various subsystems as is 
well known. Programming commercially available microprocessors is a conventual 
skill well understood in the art. The following disclosure is written to enable a 
programmer having ordinary skill in the art to produce an appropriate contml program 

forsuchanncrcproc^ 

hereinmaybeprovidedby or in combination with dedicated or programmable log* 
devices. 

Process control strategies generally utilize various sensors to provide real-time 
oontrolofthe electrostatographic process and to provide continuous image quahty output 

from the user's perspective. . 

One such sensor may be a densitometer 76 to monitor development of test patches m 
non-image areas of photoconductive belt 12, as is well known in the art. The 
densitometer is mtended to insure that met™ 

: ont hebeltismaint^^ 
throughmebeltorisre^ 

voltage proportional to the amount of light received. This voltage is compared by 
controller 77 to the voltage generated due to transmittance or reflectance of a bare patch 
to give a signal representative of an estimate of toned density. This signal Dour furnished 

0 tomeLCUistransmittedto^ 

program stored therein to adjust V 0 exposure, Eo, or V B . In addition to measuring density 

an electrometer 50 maybeprovided to measure the charge remaining after exposurebut 

prior to development of the patch. The measured charge signal is also provided to the 

LCU for use in adjustment of the various process control parameters. 

ThedensitysignalDourmaybeusedtodetectshorttermcliangesindensityofa 

measured patch to control primary voltage Vo, Eo and/or Vb- To do this, Dour is 
compared with a set point density value or signal D(SP) and differences between Dour 
and D(SP) cause the LCU to change settings of Vghid on charging station 1 8 or adjust 
exposure through modifying exposure duration or light intensity for recording a pixel 
30 and/or adjustment to the potentials V B at the two development stations . These changes 
^accordance wimv^^ 

table In accordance with the invention, changes required for operation of the prmthead 
exposure parameters are provided in an efficient way to minimize delays in prmtmg. 
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With reference now to FIG. 2(a), a block diagram schematic of a marking engine 
controller's data path in accordance with the invention is provided. The marking engine 
controller 30 includes a job image buffer (JIB) 32 into which rasterized data received 
from data source 24 is stored for example in compressed form. Data from data source 24 

5 is compressed, stored in a multipage image buffer and expanded for output from the JIB. 
Several pages of data for each job can be stored to allow for reproducing multiple copy 
sets. An example of a job image buffer is described in U.S. Pat. No. 5,384,646. When a 
production job stored in the JIB is to be printed, the image data is output to an image data 
merger device 34 wherein the data in the JIB can be merged with annotation data such as 

10 logos, time and date stamps, addresses, etc., stored in a nonvolatile annotation data 
memory 33. The merger may be logic devices and buffers or other known devices for 
performing this function or the merger device may be deleted. The image data whether 
merged with additional data to be printed or not merged is then output to a writer- 
interface (WIF) output board 36. The Wff 36 modifies the image data before sending to 

15 the printhead 22 so that the data, for each pixel to be recorded by an LED on the 

printhead is adjusted to also control uniformity of that LED. An example of a gray level 
LED printhead that may be provided with corrected image data signals is disclosed in 
U.S. Pat. No. 5,253,934, the contents of which are incorporated herein by reference. As 
noted in this patent and with reference to FIGS. 2(b) and 2(c), corrected image data and 

20 control signals, such as clock signals, token signals, latch signals, power, etc. are sent to 
the printhead from the writer-interface 36 over a data bus and control bus. The data and 
control signals are input into driver chips 60 which are located on each side of a line of 
LED chip arrays 3 1 . Each LED chip array includes for example 128 LEDs 35 arranged in 
a line. The chip arrays are butted together to provide a single row of several thousand 

25 LEDs. The driver chips 60 receive the data and control signals and are used to generate 
current for driving the LEDs to which the driver chips are electrically connected. Within 
each driver chip, the corrected image data is latched in respective image data latch or 
storage registers 61 and an exposure period for recording a pixel is commenced and the 
duration of currents to respective LEDs determined by comparison by a comparator 62 of 

30 corrected image data signals with an output of a counter 63 that is counting exposure 
clock pulses. Control of current in each of plural driver channels is provided to 
respective LEDs on the printhead by a constant current driver that forms a part of a 
current mirror having a master circuit 65 that generates a controlled amount of current in 
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"RREF" refers to current control data of 8-bits size that may differ from driver chxp to 
driver chiponthesameprinthead. As notedmtheaforementionedpatents,arowofsay 
128 LEDsmay be formedon each chip array and a series of these arrays are assembled 

thousand LED, Each LED chip .ray may have one or preferably two driver chips 
associated therewith and mounted adjacent thereto for providing current to LEDs 

geaeratedmacurrent-generatingchannelofthedriverchip^ 

signal. The current to the LED mirrors, i.e., is proportional to or related to mat m fce 
ler chip master circuit. Thus, effective control of the LED is provided wnh say -b*s 
per pixel of image data to define a recording duration and lo-bits of current control data 
used to control current thereto. As the term VREF describes current control data that is 

ge.eratmgdata.whereasRSEFwmbereferredto as I^Fm view of its bang local 

25 PM ^Wboa J d36musprovide S tome P rinthead22mad^ 

data signals, control and timing signals such as current control data GREF and LREF, 

fadLgft* for timing exposure (EXPCLK)^ addition, mere are provided power and 
ground signals. The various control timing signals are provided by timing control board 

The MEC 30 includes a computer program for a rendering algorithm. The rendenng 
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algorithms that group pixels into larger cells and control the pixels. We have found that 
results are surprisingly best when the algorithm first sets the size of the cell and then 
adjusts its density. It sets the size of the cell by increasing the exposure on-time of one 
pixel at a time until all the pixels in a cell are taken to a first level of exposure. The size 
5 of the cell is thus established by an iterative process that grows the cell one pixel at a 
time until all 16 pixels are at the same maximum level. The process stops when the cell 
as a whole reaches the desired cumulative level of density. The density of any fully 
grown cell is selectively adjusted by sequentially raising one pixel at a time one level at 
a time. 

1 0 For example, turn to Figs. 3(a)-3(j). There is shown a cell 200 that is a 4 x 4 array of 
16 pixels. Pixel 210 is initially exposed to a first level in Fig. 3(a) and is stepwise 
increased in Figs. 3(b) - 3(d) until it reaches its first maximum value. Notice how the 
level of gray of pixel 210 gradually increases from Fig. 3(a) to Fig. 3(d). The cell 200 
may be grown to its full 16 pixel size by stepwise raising one pixel at a time to the first 

15 maximum level as shown in Figs. 3(e) - 3(g). As shown in Fig. 3(g), the cell 200 is at its 
maximum size and is at a cumulative first level of density. If the cell is selected to be 
denser (i.e., a blacker dot) then the first pixel 210 is again selectively increased in its 
level of exposure. However, after its first stepwise increase, each of the other pixels is 
stepwise increased until all of the pixels are cumulatively increased at least one step. If 

20 more density is desired, then the pixels are again stepwise increased one pixel at a time. 
The final step brings all the pixels to a second cumulative maximum level. That level 
corresponds to the largest, darkest dot made by the system. In the illustrations, only 
several shades of gray are shown. In practice, there are about 12 levels of gray for the 
initial step of growing the cell and another 12 levels of gray to increase the density of a 

25 fully grown cell. 

The individual level of each pixel is calculated by the rendering algorithm. The 
results of the rendering algorithm are used to drive the light emitting diodes. The higher 
the level of exposure, the longer the corresponding diode is kept on. All diodes are 
30 turned and rise to the same maximum intensity. Variations in the density of each pixel 
are determined by the on time of each diode. That time is set by a pulse width 
modulating circuit in a manner well known in the art. 
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The rapid pole transitions, for example as many as 467 per second at the sleeve 
surface when a 14 pole magnetic core is rotated at a speed of 2000 revolutions per 
minute (ipm), create a highly energetic and vigorous movement of developer as it moves 
through the development zone. This vigorous action constantly recirculates the toner to 
5 the sleeve surface and then back to the outside of the nap to provide toner for 

development. This flipping action thereby results in a continuous feed of fresh toner 
particles to the image. As described in the above-described patents, this method provides 
high density, high quality images at relatively high development speeds. 

In particular, it is preferred to operate the foregoing hard magnetic carrier 
10 development system using the various set points and other operating parameters as 

described in copending U.S. Provisional Patent Application Serial No. 60/204,882 filed 
May 17, 2000, "ELECTROSTATIC IMAGE DEVELOPING PROCESS WITH 
OPTIMIZED SETPOINTS" and listing Eric C. Stelter as an inventor. The teachings of 
this provisional patent application are hereby incorporated by reference in their entirety. 

15 Without being bound by theory, it is believed that development of images with a 

hard magnetic carrier as previously described results in application of toner without a 
severe side-sweeping motion of the nap; in other words, the "flipping" action mentioned 
above results in more of the toner being applied in a vertical fashion relative to the 
electrostatic image, i.e., perpendicular to the plane in which the electrostatic image 

20 resides. This effect, in combination with the ability of the hard magnetic carrier to carry 
a relatively greater amount of toner, results in what can be described as a "fluffing" of 
toner onto the electrostatic image, which is believed to allow for better toning of 
electrostatic images produced by electrographic equipment using the multi-bit printheads 
and gray scale rendering methods previously described. 

25 The invention is illustrated by the following examples: 

Comparative Examples A-B 

Fig. 4 shows a magnified comparison of print densities obtained from use of a 
hard magnetic carrier toning station in a DigiSource™ 91 10 or a DigiMaster™ 9110 
machine (available fromNexPress Solutions, L.L.C. of Rochester, New York) and an 
30 older InfoSource™ 92p printer. The Digisource™ 9110 machine is equipped with a 
binary, single-bit, 600 dpi LED writer. The IS92p printer is representative of a line of 
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olographic printers binary single-bit with 600 dpi LED writers and conventional 
toning stations. Conventional toning stations are those which have fixed core magnets 
with rotating shells providing transport for a developer made up of soft magnetic earner 
particles and toner. The image analyzer graphics of Fig. 4 show that the IS92p 

However, lower exposure levels would clearly not allow for uniform capture of enough 
toner particles to create a consistent image, U. toner particles may not be capturedbythe 
weaker electrical latent image of the exposure on the photoconductor surface. The 
general result is that the dots do not fill in completely enough to give the subtle 
differences between individual gray levels. Satellite particles or print background also 
limit the ability of me conventional toning station to create multiple steps in the Ingher 
density areas, tending to blocker fill in the shrinking white areas which are necessary for 
gray level gradation in the higher density areas. 



15 Example 1 and Comparative Example C 

Fig 5 showsamagmfiedcomparisonofmeprmtdemmesobtamedfrom 
hardmagnetic carrier toning station in aDigiSource™ 9110 or aDigMaster™ 9110 
machine equipped with a binary, single-bit, 600 dpi LED writer and a substantially 
similar machine, except that it has been modified with amulti-bit (4-bit) 600 dpi LED 
20 writer Fig. 5 shows a comparison of the rendering of a specific gray level in the hghter 
end of the density scale showing the more subtle gray level rendering available to the 
multi-bit printhead as opposed to that same gray level rendered in single bit. It is this 
patternmgofmesmglebitsuper-pkelgrowmthatlead^ 

in what should be a smooth gray are, Because of the limited number of pixels avaibble 
25 in a small super pixel, some gray levels will show a visible dot pattern, regardless of the 
rendermgalgorifinmusedtog^ 

of either fully exposed pixels or partially exposed pixels allows super-pixel growlh 
algorithms which are essentially smooth to the unaided eye, resulting in the smooth flow 
through the gray scale with no apparent steps. 



30 
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Example 2 and Comparative Examples D- E - Density scans of continuous gray 
scales 

Fig. 6 is a set of density scans (density vs. position) along a continuous gray scale 
produced under several conditions. The same file was printed three times. The first scan 
5 is from the IS92p printer which uses a conventional toning station and a 600 dpi LED 
writer as described in Comparative Examples A-B. It uses a single bit rendering scheme, 
depending on solid pixels to build up the gray levels. The 17 levels of gray permitted by 
the resident PostScript level 2 rendering software thereon are about the limit to the 
achievable gray levels, primarily due to the conventional toning system employed. The 

10 second scan is of a print from a DigiMaster™ 9110 printer equipped with a single-bit 
rendering scheme as in Comparative Examples A-B, and shows the improvement due to 
both the PostScript level 3 rendering and the improved toning system, i.e. hard magnetic 
carrier development technology. The trace still shows signs of the steps, but with lower 
density differences between steps. The third scan is that of a machine which is 

15 substantially similar to the DigiMaster™ 9110 machine previously described, except that 
it has been modified with a multi-bit, 600 dpi printhead and multi-bit rendering as 
described in Example 1 . The trace is smooth, without steps, and without the 
characteristic high contrast of a normal electrographic process. 

In the following examples and comparative examples, all figures referenced are 
20 plots of reflection density vs. step number. 

Comparative Example F 

Fig. 7 is included for reference. All prints are made on an lofoSource™ 70 
machine, equipped with a developing station utilizing hard magnetic carrier and a binary, 

25 single-bit 406 dpi printhead. The rendering software utilized is shown in the series of 
halftone cell layouts generally labeled as Fig. 8. Fig. 8 illustrates which pixel is turned 
on during each of the 9 steps, i.e., the 9 gray levels available with the binary printhead, 
with no pixels turned on being understood as pure white. The "Square No Yule" on Fig. 
7 is a plot of a very low frequency (about 40 lpi) version of the screen, and it is very 

30 distracting, in that the pattern of pixels is readily apparent to a human eye at normal 
viewing distances. Due to the low frequency, the "pixels" are simulated by actually 
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paper. The single pixel size is approximately 70 microns, which is slightly larger than 
the ideal of 60 microns as used in the model calculation. 

Example 3 

5 Fig. 10 shows plots from a machine substantially similar to the DigiMaster 91 10, 

except that it has been modified with a multi-bit (4 bits), 600 dpi printhead. The screen 
is set at 212 lines per inch. Due to the 4-bit printhead employed, the theoretical number 
of gray levels is 121 . The rendering algorithm employed is one that divides the halftone 
cell into 8 pixels, each of which has a state of from 1 to 15. The algorithm builds dots by 

10 activating pixel 1 first for steps 1-12, then pixel 2 for steps 1-12, then pixel 3 for steps 1- 
12, and so on until all 8 pixels are at state 12. For state 13, the rendering algorithm turns 
on each pixel one at a time, until all 8 pixels are at state 13. For state 14, the algorithm 
turns on each pixel one at a time, until all 8 pixels are at state 14. Similarly, for state 15, 
the rendering algorithm turns on each pixel one at a time, until all 8 pixels are at state 15. 

15 Thus, the result is that the screen is effectively at a low frequency for states 1-12, while it 
is shifted to a high frequency for states 13-15. As is evident from Fig. 10, the plot shows 
a curve which is nearly at a 45 degree angle, and the delta with respect to density 
between each step is substantially less than for the plots shown in the comparative 
examples above. There are also no significant increases between steps at the lower end 

20 of the curve, i.e., in the "toe" area, while the upper portion of the curve does not display 
any blocking or saturation at the shoulder to any significant extent. The result is a much 
more visually pleasing image to the human eye. 
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CLAMS: 

1. Amethodforthegenerationofhamonedimageswthreducediinage 
artifacts and increased number of gray levels, the method comprising: 
5 capturing a desired image in a raster format comprising a plurality of pixels with 

multiple bits per pixel, thereby producing a digital signal of the desired image; 

manipulating the digital signals with a rendering means capable of printing 
variable halftone dot sizes and densities so as to produce a manipulated halftone signal; 
exposing aphotoconductive surface with the manipulated halftone signal so as to 
10 create a halftone electrostatic image of the original image; and 

contacting an electrostatic image with a rotating magnetic brush development 
station comprising a developer composition comprised of a hard magnetic carrier and a 



toner. 



l5 2 An apparatus for the electtographic generation of halftoned images, which 

apparatus comprises a multi-bit printhead, means for generating a halftone image of 
varying dot sizes and densities, and a rotating magnetic brush development system 
comprising a developer composition comprised of a hard magnetic carrier and a toner. 

20 3. A method for generating variable density halftone images with 

electrography comprising the steps of: 

grouping sets of adjacent pixels into a set of adjacent cells where each cell 

corresponds to a halftone dot of an image; 

selectively setting exposure levels for a gray scale writer to grow halftone dots 
from zero size to a desired size equal to or less than a maximum size 

selectively adjusting exposure of maximum sized cells to a desired density level; 
discharging areas of a charged image member in accordance with the selected 
levels of *^«to&*»toM^*'^W* am 
dots on the image member; 

enclosing a cylindrical magnetic roller in a concentric sleeve; 
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rotating the magnetic roller in a first direction; 

disposing the magnetic roller and the sleeve in a container holding a two- 
component developer comprising hard magnetic carrier particles and toner particles; 
rotating the concentric sleeve in a direction opposite to the direction of the 
5 magnetic roller and in a direction co-current with an imaging member; 

contacting the sleeve and the latent image on the image member; 
transferring toner particles from the sleeve to the latent image to develop the 
latent image; 

transferring the developed image to a copy sheet; 
10 fixing the developed image on the copy sheet 

4. The method of claim 3 wherein the step of selectively setting exposure 
levels to grow gray scale dots from zero size to a desired size includes increasing the 
desired exposure of a first pixel in a plurality of discrete steps until the first pixel in the 
1 5 cell reaches a maximum cumulative level of exposure and then selectively repeating the 
stepwise exposure increase for each pixel in the cell until the cell is at its desired 
cumulative level of exposure or all the pixels are at their maximum cumulative levels of 
exposure. 

20 5. The method of claim 3 wherein the step of selectively adjusting the 

exposure of a maximum sized cell includes sequentially raising the desired exposure of 
each pixel in the cell one level at a time until the cell reaches the desired density and all 
the pixels in the cell reach a second cumulative maximum level. 



6. An electrographic print engine for printing variable density halftone 
images comprising: 

means for grouping sets of adjacent pixels into a set of adjacent cells where each 
cell corresponds to a halftone dot of an image; 
30 means for selectively setting exposure levels for a gray scale writer to grow 

halftone dots from zero size to a desired size equal to or less than a maximum size 

means for selectively adjusting exposure of maximum sized cells to a desired 
density level; 
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means for discharging areas of a charged image member in accortoce with the 

halftone dots on the image member, 

means for enclosing a cylindrical magnetic roller in a concentnc sleeve; 
5 means for rotating the magnetic roller in a first direction; 

me ans for disposmgmen^gaetic roller and me sleevemacon^ 

means for rotating the concentric sleeve in a direction opposite to me directum of 
the magnetic roller and in a direction co-current with an imaging member; 
10 means for contacting the sleeve and the latent image on the image member; 

mea ns for transferring toner particles from me sleeve to the latent image to 
develop the latent image; 

means for transferring the developed image to a copy sheet; 
i for fixing the developed image on the copy sheet 



means i 
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7 The electrographic print engine for printing variable density halftone 
images of claim 6 wherein the means for selectively setting exposure levels to grow gray 
scale dots from zero size to a desired size includes means for increasing the desned 

20 ^hesam^umcumulafivelevelofexposureandmeansforselec^ 

^m^*»-**^** M **** m T*t lsof 
cumulative level of exposure or all the pixels are at their maximum cumulate levels of 

exposure. 
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g The electrographic print engine of claim 6 wherein the means for 
selectivelyadiustingtheexposureof a maximum sized cell includes means for 

the cellreaches the desired density and aUthepixels in the cell reach a second 
cumulative maximum level. 

9 The electrographic print engine of claim 6 wherein the means for 
aischargmgmeunagemember comprises -™^^^*T^ 
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diodes onto the image member, and a control circuit for energizing the diodes at a 
common level of intensity and for a duration of time in accordance with the desired 
exposure level for each pixel. 

5 10. The electrographic print engine of claim 9 further comprising a pulse 

width modulating circuit coupled to the print array for applying a voltage of one value to 
all the light emitting diodes for a duration of time determined by the width of a timing 
pulse. 

10 11. The electrographic print engine of claim 6 wherein the means for 

discharging the image member comprises a scanning laser for exposing each pixel in 
accordance with the desired level of exposure. 

12. A method for generating variable density halftone images with 
1 5 electrography comprising the steps of: 

grouping sets of adjacent pixels into a set of adjacent cells where each cell 
corresponds to a halftone dot of an image; 

selectively setting exposure levels for a gray scale writer to grow halftone dots 
from zero size to a desired size equal to or less than a maximum size by increasing 
20 exposure of one pixel in the cell one exposure level at a time until the pixel reaches a 
first total level of exposure and selectively repeating this step for the rest of the pixels 
until the cell is at its desired size and at an initial density; 

selectively adjusting exposure of the initial density of cells at the maximum size 
by sequentially increasing the level of exposure of each pixel in the maximum size cell 
25 by one exposure level at a time for each pixel until all pixels are at the same next level of 
exposure and then repeating this step to further increase the density of the cell to desired 
density; 

discharging areas of a charged image member in accordance with the selected 
levels of exposure of the prior steps to form a latent image of variable density halftone 
30 dots on the image member; 

enclosing a cylindrical magnetic roller in a concentric sleeve; 
rotating the magnetic roller in a first direction; 
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disposing the magnetic roller and the sleeve in a container holding a two- 
ie nt toner comprising hard magaetic carrier particles and toner particles; 
stating the concentric sleeve in a direction opposite to the direction of the 
magnetic roller and in a direction co-current with an imaging member; 
contacting the sleeve and the latent image on the image member; 
herring toner particles from the sleeve to the latent image to develop the 
latent image; 

transferring the developed image to a copy sheet; 
fixing the developed image on the copy sheet. 

13 Themethodofclahnl2wheremmestepof S electivelygrowinghalftone 
maximum level of exposure. 
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level at a time to a second maximum for each pixel. 

1 5 An electrographic print engine for printing halftone images comprising: 
agray scalewriter comprising a plnrahty of hght emitting diodes focusedontoa 

photoconductor for selectively discharging areas of the photocondnctor exposed to 

radiation of the light emitting diodes; 

m dat variable time, in Kcori^™* •«"•*»• 

a rardenng algorita ft. **** ft. * - «»»* - ««—*•" 

different sizes and densities; 

atonersystemhavinganinterior array of magnets rotatmg m one drrechon and 

pa.ticlesmtocontactwiththeareaofthephotoconductor expose* by the hghtennttng 

diodes in accordance with the rendering algorithm. 

25 



WO 01/89194 



PCT/US01/15631 



1 6. A method for generating variable density halftone images with 
electrography comprising the steps of: 

grouping sets of adjacent pixels into a set of adjacent cells where each cell 
corresponds to a halftone dot of an image; 

selectively growing each halftone dot from zero size to a desired size equal to or 
less than a maximum size by increasing the desired level of exposure of one pixel in the 
cell until the pixel reaches a first level of exposure and repeating this step for the rest of 
the pixels until the cell is at its desired size and at an initial density; 

selectively adjusting the initial density of cells at the maximum size by 
sequentially increasing the level of exposure of each pixel in the cell one level at a time 
for each pixel until all pixels are at the next level of exposure and then repeating this step 
to further increase the density of the cell to desired density; 

17. An electrographic print engine for printing variable density halftone 
images comprising: 

a controller for 

grouping sets of adjacent pixels into a set of adjacent cells where each cell 
corresponds to a halftone dot of an image; 

selectively growing halftone dots from zero size to a desired size equal to 
or less than a maximum size by increasing exposure of one pixel in the cell until 
the pixel reaches a first level of exposure and repeating this step for the rest of 
the pixels until the cell is at its desired size and at an initial density; 

selectively adjusting the initial density of cells at the maximum size by 
sequentially increasing the level of exposure of each pixel in the cell one level at 
a time for each pixel until all pixels are at the next level of exposure and then 
repeating this step to further increase the density of the cell to desired density; 

a gray scale writer having an array of light emitting diodes for discharging areas 
of a charged image member in accordance with the selected levels of exposure of the 
prior steps to form a latent image of variable density halftone dots on the image member; 
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developer station to develop die latert image; 

^Z^*"-*"'"'*''-**'- ^ develop. ^ 
and fixing the developed image to the copy sheet. 
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